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Background of the Invention 

Field of the Invention 

[0001] This invention generally relates to cement setting accelerators, and 
particularly relates to cement setting accelerators that operate in multiple modes. 
Description of the Related Art 

[0002] Fossil fuels supply over 85% of the world's energy needs and are 
expected to stay in use for many decades to come. Carbon dioxide (C0 2 ) emissions from 
the combustion of fossil fuels and from waste incinerators have been linked to global 
warming and other adverse environmental changes through the green house effect. 
However, C0 2 also has" many useful applications, such as refrigeration, fertilizers, dry 
cleaning, oil well extraction and rapid curing of cementitious products. Thus, capturing 
and recycling gaseous CO2 for useful applications have been gaining momentum in the 
past several years. Many methods have been developed to capture gaseous C0 2 especially 
from Stationary fossil fuel burning sources such as electrical generating power plants, 
cement kilns, waste incinerators, and other coal and natural gas burning sources. 

[0003] One of the more economical methods of capturing C0 2 is through 
absorption of the gas by a solvent or a slurry of C0 2 reactive minerals. Examples of 
materials that can be used to sequester C0 2 include primary, secondary, and tertiary 
alkanolamines, including monoetholamine (MEA), diethanolamine (DEA), 
triethanolamine (TEA), methyldiethanolamine (MDEA), diisopropanolamine (DIP A), and 
N,N,N,N-Tetrakis (2-hydroxyethyl)ethylenediamine(THEED), as well as primary, 
secondary, and tertiary alkylamines such as mono- di- and triethylamine (CH 3 CH 2 ) 3 N, all 
of which can reversibly react with C0 2 , depending on predetermined conditions of pH and 
available free water. 

[0004] Primary^ and secondary amines can react directly with C0 2 in the 
absence of water, forming carbamates (RNHCOO- or R 2 NCOO-). C0 2 also reacts with 
the hydroxyl groups of the alkanolamines, probably leading to formation of an 
alkylcarbonic acid or alkyl carbonate as shown in the reaction: R 2 NROH + C0 2 -> 
R 2 NROCOOH or R 2 NROCOO-. U.S. Patent No. 5,697,307 discloses the use of either 



alkanolamines or alkaline salt solutions such as sodium carbonate solution to sequester 
C0 2 , which is hereby incorporated by reference in its entirety. 

[0005] It is known that under certain predetermined conditions of pressure, 
temperature and pH, the reaction products of alkylamines and/or alkanolamines, such as 
carbamates, alkylcarbonic acids and alkyl carbonates, will decompose and release C0 2 
gas. It is also known that alkali metal carbonate solutions that have absorbed C0 2 can be 
made to release the C0 2 by changing to predetermined conditions of pressure, 
temperature or pH. However, the commercial reuse of C0 2 from these sources is far less 
than the amount of C0 2 sequestered from flue gas emissions. Thus, what is needed is a 
way to commercially utilize the C0 2 captured from flue gas scrubbers. 

[0006] It is also known that alkanolamines can accelerate the setting of 
cementitious materials. U.S. Patent Application No. 20040040474 discloses adding 
alkanolamines such as TEA on the order of 0.03 to 4.0 wt.% to hydraulic cement, such as 
blends of high alumina cement and Portland cement, at an elevated temperature of at least 
90°F to accelerate the set time of the cement. In this application, while alkanolamine 
contributes to accelerating cement set, other materials such as high alumina cement and/or 
fly ash are also required to achieve very rapid setting. Thus, what is needed is a way of 
using alkanolamines to achieve rapid setting without the need for additional mineral 
admixtures such as high alumina cement, gypsum, or fly ash. 

[0007] C0 2 is also known in the art as an agent for accelerating curing cement 
composites. This is possible because of the free calcium hydroxide (Ca(OH) 2 ) produced 
from the hydration reaction of Portland cement: 

2C 2 S + 4H C 3 S 2 H 3 + Ca(OH) 2 ; 
2C 3 S + 6H -> C 3 S 2 H 3 + 3Ca(OH) 2 ; 
in which the following notations are adopted: C=CaO; S=Si0 2 H=H 2 0. 

[0008] It is believed that C0 2 reacts with free calcium hydroxide to form fine 
crystals of calcium carbonate (CaC0 3 ). By consuming the Ca(OH) 2 reaction product from 
cement hydration, the conversion of C 2 S and C 3 S to C 3 S 2 H 3 is accelerated. It is also 
believed that the calcium carbonate crystals provide mechanical strength to the hydrating 
cement and provide nucleation sites for normal cement hydration reactions. 

[0009] The reaction kinetics of alkaline earth hydroxides, such as calcium 
hydroxide with carbon dioxide is quite fast, often orders of magnitude faster than the 
reaction of C0 2 with the alkaline oxides, which can result in faster set times that are 
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comparable to the set times when traditional cement accelerators such as calcium chloride 
or even alkanolamines are used. Prior art discloses several methods of treating 
cementitious materials with C0 2 . These include: 

• Forcing gaseous C0 2 under pressure through the pores of an uncured 
cement composite; 

• Using water saturated with C0 2 to make up the cement composite; 

• Using supercritical C0 2 to penetrate the cement composite. 

[0010] However, use of gaseous or supercritical C0 2 requires equipment 
capable of administering the C0 2 under pressure without damaging the article, which 
could become problematic for continuous forming processes. While it is relatively easy to 
use C0 2 saturated water to formulate cement composite, C0 2 is not soluble enough in 
water to fully carbonate materials with substantial cement content. Thus, what is needed 
is a way to effectively, uniformly deliver a stoichiometrically correct amount of C0 2 into 
cement composites. The preferred embodiments of the present invention provide an 
economical and viable solution to at least some of the shortcomings associated with the 
current art of curing cement composites with carbon dioxide. 

Summary of the Invention 

[0011] As used herein, the term "sequestered" shall mean substantially 
dissolved in, absorbed by, and/or chemically bonded to a carrier material so as to be 
substantially incapable of chemically reacting with other surrounding materials. The term 
"reversibly sequestered" shall mean capable of being removed, released or desorbed from 
the carrier material. 

[0012] In one aspect, the preferred embodiments of the present invention 
provide a method of accelerating cement hydration reactions in an uncured cementitious 
composite material. The method includes incorporating a multiple mode accelerating 
agent in an uncured cementitious composition. The multiple mode accelerating agent 
comprises carbon dioxide sequestered in a carrier material which is also capable of 
accelerating cement hydration reactions. The method further includes releasing the 
sequestered carbon dioxide from the carrier material under one or more predetermined 
process conditions and reacting both the carbon dioxide and the carrier material with the 
uncured cementitious composition in a manner so as to accelerate the cement hydration 
reactions therein. Preferably, the carrier material is in a liquid form. In one embodiment, 
the carrier material is selected from the group consisting of alkanolamines, alkylamines, 



alkali carbonates, and mixtures thereof. In a preferred implementation, the multiple mode 
set accelerating agent speeds up the cement hydration reactions by a combination of alkali 
activation and carbonation. In certain embodiments, the release of the sequestered carbon 
dioxide from the carrier material is controlled by a process condition selected from the 
group consisting of temperature, pressure, pH and combinations thereof. 

[0013] The multiple mode accelerating agent can be incorporated in a 
cementitious slurry, a cementitious paste, or a cementitious green shaped article. In one 
embodiment, the accelerating agent is incorporated in a pre-selected region of a green 
shaped article and absent in other regions of the article. The pre-selected region of the 
green shaped article can be selected from the group consisting of an exterior surface, a 
corner, an interior surface, and combinations thereof. The accelerating agent can be 
applied to the pre-selected region by a process selected from the group consisting of 
spraying, dipping, pouring, brushing, and combinations thereof. The carbon dioxide and 
carrier material accelerate the cement hydration reactions in the pre-selected region 
thereby resulting in a rapid formation of a partially cured zone in the green shaped article. 
In some embodiments, the stoichiometric amount of carbon dioxide sequestered in the 
carrier material is predetermined based on the amount of calcium hydroxide in the 
preselected region. In other embodiments, the method further includes autoclave curing 
the green shaped article following formation of the partially cured zone. In yet another 
embodiment, the cementitious composition is configured for the manufacture of a 
building article. 

Detailed Description of Preferred Embodiments 
[0014] Certain preferred embodiments of the present invention describe a 
multiple mode cement set accelerating agent that operates through a combination of alkali 
activation and carbonation. In one embodiment, the cement set accelerating agent 
comprises gaseous carbon dioxide (CO2) reversibly sequestered in a carrier fluid, which is 
also a cement set accelerator capable of accelerating the hydration reactions of the cement 
independent of the CO2. In some preferred embodiments, the CO2 reacts with the carrier 
fluid in a manner such that the C0 2 is reversibly dissolved and saturated in the carrier 
fluid and can be released under certain predetermined processing conditions. In one 
embodiment, the carrier fluid is an aqueous solution comprising alkanolamine and/or 



alkali carbonate. The C0 2 reacts with the alkanolamine and/or alkali carbonate solutions 
and becomes dissolved therein. Since both C0 2 and alkanolamine and/or alkali are 
function as cement set accelerator agents, they together form an accelerator having more 
than one operating mode. Preferably, the C0 2 is incorporated in the alkanolamine and/or 
alkali carbonate solutions using any suitable technique to dissolve a gas in a fluid. One 
such technique involves transferring C0 2 from waste flue gases into an alkanolamine 
solution by chemical absorption and other methods, such as those methods described in 
U.S. Patent Numbers 6,555,150 and 5,697,307, which are hereby incorporated by 
reference in their entirety. 

[0015] When the multiple mode cement set accelerating agent is added to a 
cementitious mixture, both the carrier fluid and C0 2 dissolved therein can accelerate the 
cement hydration reaction under predetermined processing conditions. In certain 
embodiments, the multiple mode cement set accelerator can include more than two 
accelerator agents. In other embodiments, the carrier material is not necessarily in fluid 
form and can be a solid substance. 

[0016] In a preferred embodiment, the multiple mode accelerating agent 
comprises carbon dioxide reversibly sequestered in an alkanolamine solution. The 
accelerating agent is added to an uncured cementitious material to affect the cement 
hydration process. Without wishing to be bound by theory, it is believed that the 
alkanolamine interacts with Portland cement to provide the aluminates and sulfate ions 
needed for the formation of hydrates based on calcium aluminate compounds. Additional 
details of the manner in which alkanolamines speed up the setting characteristics is 
described in U.S. Patent Application No. 20040040474, which is hereby incorporated by 
reference. Moreover, after the accelerating agent is added to the uncured cementitious 
material, the C0 2 can be released from the carrier fluid under predetermined conditions as 
will be described in greater detail below. Preferably, the C0 2 further accelerates the 
cement hydration reaction by reacting with free calcium hydroxide, which is a product of 
the cement hydration reaction. This in turn reduces the concentration of Ca(OH) 2 and 
hence speeds up the cement hydration reaction. 

[0017] As described above, the preferred embodiments of the present 
invention provide a method of rapidly setting cementitious materials through a 
combination of alkali activation and carbonation. Preferably, this is done by treating a 
cementitious material, based on ingredients such as Portland cement, with a C0 2 liquid 
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sequestering fluid that has reversibly sequestered a substantial amount of C0 2 . 
Preferably, the C0 2 is sequestered in an alkanolamine, alkylamine or alkali carbonate 
sequestering solutions prepared using known methods and techniques. When applied to 
the cementitious material, C0 2 is desorbed from the sequestering fluid to react with 
hydrated lime (Ca(OH) 2 ) and form calcium carbonate, and thus substantially reduce the 
set time. 

[0018] In one embodiment, the source of calcium hydroxide or hydrated lime 
can be from process water, a byproduct of cement hydration, or added in dry form as a 
supplement to the existing formulation. Preferably, a fluid material is provided that can 
be made to reversibly sequester a predetermined amount of carbon dioxide and release it 
under predetermined conditions in the presence of a cementitious material in order to 
accelerate the hardening or curing of that material. Preferably, a liquid sequestering fluid, 
such as an alkanolamine, is used that also acts independently as an accelerator for cement 
cure. 

[0019] In another embodiment, a liquid sequestering fluid is selected that can 
scrub C0 2 from flue gases produced by combustion of fossil fuels, that otherwise can 
contribute to green house effects as described in U.S. Patent No. 6,655,150. As such, an 
economically feasible method of reducing the setting time of commercially produced 
products containing Portland cement or similar cementitious materials is provided. 

[0020] Certain embodiments of the present invention further provide a 
material that can be made to reversibly sequester a predetermined amount of carbon 
dioxide (C0 2 ) and release the C0 2 under predetermined conditions in the presence of a 
cementitious material so as to accelerate the setting or curing of the cementitious material. 
In one embodiment, the material comprises an alkanolamine, alkylamine, or alkali 
carbonate sequestering solutions for C0 2 . Mono-, di-, and tri- ethanolamines are 
preferred sequester liquids in some embodiments. In other embodiments, MEA is a more 
preferred sequestering agent because of its large affinity for C0 2 , low cost and being 
substantially non-toxic. MEA has been widely used as a rapid setting admixture in 
concrete industry. Based on the choice of sequestering solutions, the condition for 
releasing C0 2 from the sequestering solution into the uncured cement composite may be 
determined, or conversely, the manufacturing constraints of a cement composite 
manufacturing process may be used to determine the type and quantity of sequestering 
agent to be used. 



[0021] One of the factors in determining the utility of the above described 
materials and methods to a specific manufacturing process is the amount of free Ca(OH) 2 
available for carbonation. Calcium hydroxide is readily available in the water phase of 
freshly mixed concrete, the makeup of water of extrudable cementitious pastes or the 
process water of a dewatering process such as Hatschek, Mazza, Fourdrinier or Magnani 
processes. For example, in a typical Hatschek process, calcium ion content contributed 
from Ca(OH) 2 is on the order of about 1000 to 2000 ppm. This value can of course 
fluctuate depending on the cement to water ratio of the process, the grain size of the 
cement, the mixing time and temperature and the effects of other additives. In certain 
preferred embodiments, the amount of available Ca(OH) 2 at a given stage in a given 
manufacturing process may be determined by sampling the process directly or by 
modeling the system. After determining the amount of available Ca(OH) 2 , the next step 
in some embodiments is to analytically determine how much of the available lime must be 
carbonated to achieve the desired amount of rapid cure in the manufactured cement 

composite, which can be done by routine experimentation. 

i 

[0022] The C0 2 -containing sequestering fluid may be applied to uncured 
cement composite in a number of ways known in the art. For example, a solution of an 
alkanolamine sequestering fluid, such as triethanolamine (TEA) sequestering fluid, 
containing between about 1% to 25% by weight C0 2 and more preferably between about 
5% and 15% by weight C0 2 may be applied to a green fibercement sheet as formed on a 
Hatschek line using conventional methods and equipment such as spraying the TEA 
solution onto the surface of the green fibercement sheet while, in some embodiments, 
optionally simultaneously pulling a vacuum to the underside of the sheet, as is common 
on many Hatschek, Fourdrinier or Mazza style fibercement processes. In this 
embodiment, the C0 2 bearing TEA solution may be applied to as a super-cooled solution 
below its normal freezing point of 21°C and applied to a relatively warm fibercement 
sheet with a temperature of 25°C or more. Upon contact with the fibercement sheet, the 
TEA solution will warm and liberate gaseous C0 2 in proportion to the degree of warming. 
The liberated C0 2 will react with any free Ca(OH) 2 present in the fibercement sheet, 
forming calcium carbonate and stiffening the fibercement sheet. Alternately, the 
fibercement sheet may be warmed by external means, such as exposure to an infrared 
lamp or microwave source. Additionally, since normal hydration of the cementitous 
materials is exothermic, it is expected that C0 2 would be liberated as normal hydration 
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proceeds and heats the article. In with case, the additional C0 2 liberated would advance, 
the cure of the article. After the sequestering fluid is collected by, for example, a vacuum 
system after releasing its C0 2 , the spent sequestering fluid may be recovered and 
recharged with CO2, such as being reused as part of a CO2 capture system for flue gases. 

[0023] In one embodiment, the TEA solution may be added directly to the 
fibercement slurry mixing vessel to carbonate as much of the free Ca(OH) 2 as desired. 
The TEA may be difficult to recover and reuse as it is fully miscible with water. In other 
embodiments involving fibercement pastes prepared for extrusion or injection molding, 
for example, the C0 2 sequestering solution could be an alkanolamine or an alkali 
carbonate solution. This solution may be added directly into the mixing vessel, such as a 
twin screw extruder, Buss kneader or any other known high shear mixture or pan mixer 
such as an Eirich mixer. Preferably, the solution is added as late as possible in the mixing 
regime to avoid premature set and damage to the mixing equipment. 

[0024] Preferably, shortly after the sequestering solution is added, the cement 
paste is extruded or molded into its final shape and subjected to heat, reduced pressure, a 
chemical means or a combination of these methods to release the sequestered C0 2 . 
Alternatively, sequestering liquid containing C0 2 is preferably applied post formation of 
the green bodies to rapidly form a hard skin, thus imparting early strength and handability 
to the cementitious product. The liquid can be applied by spraying, dipping, pouring, 
brushing, etc. to the interior and exterior of the green product. 

[0025] In certain embodiments, the C0 2 sequestering fluid may be applied to a 
specific region of the cementitious material in order to accelerate cure in that region. This 
technique can be used to carbonate the unsupported regions of shaped fibercement 
materials in the green state to help hold their shape prior to curing by some other curing 
regime, such as autoclaving. The technique may also be used to quickly provide a 
partially cured zone within a green fibercement article that may be easily cut, scored, and 
snapped or broken into smaller individual pieces that are cured by some other method. In 
one embodiment, the C0 2 sequestering fluid is applied to exterior surfaces of the green 
article so as to form a partially cured skin on the article to provide support prior to 
autoclave curing. In another embodiment, the C0 2 sequestering fluid is applied to the 
corners of the green article so as to form partially cured comers to facilitate handling of 
the green article. In yet another embodiment, the C0 2 sequestering fluid can be applied to 
an interior region of the green article to form a partially cured interior zone. In yet 



another embodiment, the C0 2 sequestering fluid was applied to inside of a pipe to provide 
structural support for the green shaped pipe while curing. 
Example 1 

[0026] Spray treatment of Hatschek processed fibercement sheets 
[0027] A 10 kg (dry basis) portion of a continuous sheet of green, uncured 
fibercement of standard composition known in the art is formed on a Hatschek forming 
machine. The composition included Portland cement, silica, cellulose fibers, and water. 
This 1 0 kg portion contained approximately 3 kg of water. This capillary water contained 
about 2000 ppm of calcium ions, which corresponds to approximately 0.012 kg of 
Ca(OH) 2 . In one embodiment, fully carbonating the available Ca(OH) 2 in the water 
required about 0.0071 kg of C0 2 . Assuming the spray/vacuum system described below 
achieves a reaction efficiency of about 80% then requires about 0.009 kg C0 2 . This 
amount of C0 2 was provided using 0.09 kg of triethanolamine (TEA) solution saturated 
with about 10% C0 2 by weight. This equates to an about 3% solution of TEA based on 
dry cement content of the fibercement. The entire fibercement sheet was cut to size, 
stacked and allowed to set further via the alkaline activation of unreacted silicates by TEA 
until a predetermined degree of cure was obtained. 
Example 2 

[0028] To make an extrudable paste, about 10 kg (dry weight) sample of 
fibercement paste may be prepared in a Hobart mixer using: 

• about 3 kg Portland cement having a C3S content of about 60%; 

• about 0.9 kg cellulose fibers refined to about 400-450 ml csf freeness; 

• about 2.5 kg ground silica sand (about 340-360 m 2 /kg); 

• about 3.0 kg synthetic calcium silicate hydrate, preferably as described in Example 1 
of patent application WO 98/45222, which is incorporated by reference in its entirety; 

• about 1.0 kg hydroxyethylmethylcellulose; 

• about 2 kg water. 

[0029] The paste is mixed until it is of uniform consistency and a 
stoichiometric amount of TEA about 5% saturated with C0 2 is added to react with about 
50% of the calculated Ca(OH) 2 content. The paste was immediately extruded into a plank 
of rectangular cross section, trimmed into discrete lengths, preferably using a water jet 
cutting apparatus, and allowed to set to a predetermined level of cure. The now fully 



handle-able plank is transported to a steam autoclave and cured at about 1 80°C for about 
8 hours. 

[0030] Although the foregoing description of certain preferred embodiments 
of the present invention has shown, described and pointed out the fundamental novel 
features of the invention, it will be understood that various omissions, substitutions, and 
changes in the form of the detail of the invention as illustrated as well as the uses thereof, 
may be made by those skilled in the art, without departing from the spirit of the invention. 
Consequently, the scope of the invention should not be limited to the foregoing 
discussions. 
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